To determime the effect of ethanol on peripheral metabolism of T4, deiodinative clearance of T4 and serum concentration of T4, T, and rT3 were measured in rats isotopically equilibrated with T4. Ethanol 8g/Kg body weight/day was given for 3 days to fasted rats and the results were compared with those normally fed or totally fasted animals.
It was well recognized that the peripheral metabolism of thyroxine (T4) is under the influence of nutritional state.
For example, it was reported that the deiodinative clearance of T4 is reduced by fasting in rats (Ingbar and Galton, 1975) . In man, fasting decreases serum concentration of 3, 5, 3'-triiodothyronine (T3) and increases that of 3, 3', 5"-triiodothyronine (rT3) (Portnay et al., 1974; Vagenakis et al., 1975; Merimee and Fineberg, 1976) . Furthermore, it was suggested that carbohydrate intake is more important for the maintenance of normal deiodination system of T4 than the caloric effect (Spaulding et al., 1976) .
In the latter study, protein and fat was used instead of carbohydrate to give the same caloric effect as carbohydrate. 
Results
The results are summarized in Table 1 . In fasted rats with forced drinking of water, total T4 clearance, deiodinative clearance of T4, serum concentration of T4 and T3, and serum T3/T4 ratio were significantly decreased whereas serum concentration of rT3 and rT3/T4 ratio were significantly increased when compared to the values obtained in normally fed controls.
When ethanol was administered to the fasted animals, deiodinative clearance and total clearance of T4, serum concentration of T4 and T3, and serum T3/T4 ratio were the same as the values in normally fed controls,, while serum concentration of rT3 and rT3/T4 ratio were significantly higher than those in normally fed animals. Serum concent ration of T3 and T3/T4 ratio in ethanoltreated animals were significantly higher than those in water-treated animals. During this experimental period, urinary volume in each group of animals was not changed significantly.
The body weight was increased in normal group and was decreased in fasted group, either treated by water or ethanol.
Discussion
The present experiments clearly demonstrated that the peripheral metabolism of T4 was extensively altered by the nutritional state. For example, total and deiodinative clearance of T4 were reduced by fasting. This result is in accord with the report by Ingbar and Galton (1975) . In their ex- periments, the reduction in total and deiodinative clearance of T4 was resulted from two factors, namely, the elevation of serum T4 concentration and reduction in the radioactivity derived in the urine. When the experiment was reproduced according to their set-up, hemoconcentration due to the fasting was always observed (not shown). It is obvious that the elevation of T4 in their experiments was resulted from the hemoconcentration.
In the present experiments, forced drinking of water was carried out to avoid hemoconcentration and to make the urinary volume comparable to the normally fed controls.
Thus, the reduction in total and deiodinative clearance of T4 observed in the present experiments was solely resulted from the reduction in deiodination of T4, because both 125I-T4 and serum T4 concentration directly measured by radioimmunoassay were decreased signiessentially the same when total or deiodinative clearance of T4 was calculated on the basis of integrated concentration of T4 as postulated by Nisula et al. (1977) . The reason of the reduction in T4 concentration in fasted group is not apparent at present. One possible explanation is the effect of forced water administration, causing hemodilution and reduction in T4 concentration.
Another explanation would be that fasting increases fecal clearance of T4. This possibility, however, is unlikely because fecal volume is extremely decreased by fasting. The possibility of altered T4 distribution space by fasting has remained to be answered. At any rate, the reduction in deiodinative clearance of T4 in the presence of reduced serum T4 concentration clearly indicates that fasting reduces T4 deiodination by directly influencing deiodinating mechanism.
In the present experments, it was demondtrated that serum T3 concentration was decreased and serum rT3 concentration was increased by fasting. This reciprocal change in the concentration of T3 and rT3 in fasting animals was also reported by various investigators (Vagenakis et al., 1975; Merimee and Fineberg, 1976) . This phenomenon has been interpreted to indicate the shift of T4 deiodination system either by direct effect of fasting or possibly by the effect of increased rT3 concentration as suggested by Chopra (1977) . The complete recovery of these parameters with refeeding or with feeding of carbohydrate and partial recovery with feeding of fat or protein were also reported by Galton (1975), and Spaulding et al., (1976) , respectively. Although the reduction in T3 concentratration in the fasted group was obvious in the present experiment, the effect of forced drinking of water has to be taken into account. To minimize the latter effect, serum T3/T4 ratio was calculated and compared among the groups studied. As is obvious from Table 1 , serum T3/T4 ratio was signithis reduction was almost completely counteracted when ethanol was administered. The changes of serum T3/T4 ratio in conjunction with the changes of deiodinative clearance of T4 clearly indicate the conversion of T4 to T3 decreased by fasting and recovered by ethanol administration.
At the same token, the changes in serum rT3/T4 would indicate either the significant elevation of conversion of T4 to rT3 or depression of rT3 degradation induced by fasting. Ethanol failed to counteract the effect of fasting in this aspect. The reports on the effect of ethanol on T4 metabolism have been scarce and fragmental. Israel et al. described that acute ethanol administration causes an accelerated accumulation of radioactive T4 in the liver (Israel et al., 1973) . The effective dose in an acute experiment was reported to be more than 4g/Kg body weight for a single ingestion and the dose less than 2 g/Kg, which was employed in the present experiment, was ineffective.
Thus, the recovery of deiodinative clearance of T4 due to an acceleration of T4 accumulation in liver is not likely to be the cause of the ethanol.
The recovery of deiodinative clearance of T4 may well be due to the resumption of T4-deiodination to T3. Spaulding and his associates reported that 800 Cal of carbohydrate when given to fasted subjects completely recovered the serum T3 and rT3 concentration altered by fasting. When the same calories were given by fat or protein, serum T3 concentration was remaining at the levels of fasting and serum rT3 concentration was reduced to the normal levels. This discordance of the changes in T3 and rT3 was qualitatively similar to the effect of ethanol shown in the present experiment expect that ethanol brought T3 levels to normal but rT3 to the levels of fasting. The changes in T3 and rT3 resulted from administration of fat, protein or ethanol could not be explained on the basis of reciprocal shifting of 5 monodeiodinase to 5' from or vise versa. To delineate the effect of ethanol on peripheral metabolism of T4, close correlation of the effect of T4 and that of ethanol has to be taken into consideration. It was demonstrated that the hypermetabolism state produced in liver by chronic ethanol administration was markedly reduced in surgically thyroidectomized rats (Israel et al., 1975b) and that propylthiouracil abolishes the hypermetabolic state induced by ethanol (Israel et al., 1975a ). Thus, it is possible that the effect of ethanol on liver may be mediated through the changes in T4 metabolism. The extent of the effect of ethanol on central nervous system, cardiovascular system or on redox state in liver in situ to influence the present findings has remained to be elucidated.
